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The virtual spacecraft concept is embodied in a set of subsystems, either
in the form of hardware or computational models, which together
represent all, 01' a portion of, a spacecraft. For example, the
telecommunications transponder may be a hardware prototype while the
propulsion system may exist only as a simulation. As the various
subsystem S are realized in har dware, the spacecraft becomes
progressively less virtual. This concept is enabled by JPL’s Mission
System Testbed which is a set of networked workstations running a
message passing operating system called “I'RAMIEI.” which stands for
Task Remote Asynchronous Message Fixchange Layer. lach simulation
on the workstations, which may in fact be hardware controlled by the
workstation, “publishes” its operating parameters on TRAMEL and oth er
simulations requiring those par ameter s as input may ‘subscribe to
them. In this manner, the whole simulation operates as a single vir tual
system.

This paper describes a  simulation designed to evaluate a
cominunications link between the earth and the Mat-s Pathfinder Lander
module as it descends under a par achute through the Martian
atmosphere toward the planet's surface. This link includes a transmitter
and a 1ow gain antenna 011 the spacecraft and a receiving antenna and
1 cceiver on the carth as well as a simmulation of the dynamics of the
spacccraft. The transmitter, the ground station antenna, the receiver
and the dynamics are all simulated comnputat ionally while the spacec: aft
antenna is implemented in hardware on a very simple spacecraft mock -
up. The dynamics simulation is a 1ccor d of one output of the ensemble
of outputs of a Monte Carlo simulation of the descent. Additionally, the
antenna/ spat.ccraft mock -up systemwa.s simulated using A} 'AI'C II, a
shooting and bouncing: ay code developed by Demaco, Inc. The
antenna sirnulation, the antenna hardwai ¢, and the link simn ulation at c
all physically located in differ ent facilities at JPIL scparated by several
hundred meters and are linked via the local area network (1LAN).

The Mars Pathfinder Lander low gain antenna is an azimuthally isotropic
shor { monopole with a swall skit { to limit radiation into the lower
hemisphere. ‘1’bus, it has a pattern nullin the ver tical direction. The
lander mock-up is a truncated three sided pyramid, as represented in




Figure 1, sitnulating the descent configur ation of the spacecraft. The low
gain antenna is mounted on a support mast shout 6” long on the lander
at the middle of the top edge of one of the petals. The mast is tilted by
about 12 degrees inboard placing the phase center of the antenna
slightly above the lander as shown. The antenna model was established
by matching the far zone pattern of a thtee element colinear array to the
measured free space antenna pattern. This required a complex
weighting of 4.0 for the center element anti 0.5 at -135 degrees for the
end elements. Interaction of theradiation from the antenna with the
spacecraft significantly modifies the patlern. So much so, in fact, that
the modulation scheme for the actual flight link had to be modified as a
result. An example computed pattern of the antenna when mounted on
the mock-Lip is shown in Figure 2a along with that of the antenna alone
for comparison. Figure 2b shows the mcasured pattern of the antenna
ontthe mock-up.

As the spacect aft descends toward the surface bencath the parachute it
swings and rotates causing the ear th to ¢ xecute a complicated trajectory
thiough the pattern of the antenna. As mentioned earlier, the dynamics
of the spacecr aft during this phasc of the mission was simulated via
Monte Carlo techniques. One sample of the resulting ensemble of
trajectories of the earth was selected for this study anti this selected
sample is shown in Figure 3.

The link simulation was carried out on the Mission System Testbed. The
dynamics record as a function of timne published angular coordinates of
the earth relative to the lander at a sequence of times. These were used
by the antenna simulation (or measur ement) to provide corresponding
antenna gain anti phase to the link sitnulation process which computed
bit error rate and corresponding crrors in the message. Figure 4 shows
the calculated antenna gain as a function of time during the descent of
the lander. The message was ‘peter piper picked a pepper” repeated
contill uously. kKxample output of the link forour simulation looks like
this. “peter piper pickow w?cnrgperpeter piper picked a pepper peter
...” Note that the crrors are localized where the antenna gain drops as
onec might expect.
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Figure 1. l.ander configuration.
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Figure 2a. Computed low gain antenna pattern.
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Figure 2b. Measured low gain antenna pattern.
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Figure 3. Trajectory of the earthinthe field of view of the antenna.
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Figure 4. Antennagainduring cle.scent.




